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Corrugated  fiberboard  containers  were  successfully  made  from  nominal 
42-pound,  starch  surface-sized  linerboard  consisting  of  50  percent  high- 
yield  kraft  Philippine  hardwoods  and  50  percent  western  kraft  softwood 
pulp,  and  26-pound  corrugating  medium  made  from  100  percent  high-yield 
kraft  Philippine  hardwood  screenings.  The  corrugating  medium  made  from 
NSSC  pulp  fractured  when  fluted  on  the  singlefacer  at  20  feet  per  minute 
and  minimum  tension.  Of  the  factors  studied,  only  increasing  the  basis 
weight  or  applying  starch  as  a surface  size  improved  the  bursting  strength 
to  100  or  above.  Screened  pulp  from  high-yield  digestions  (Kappa  72.3) 
had  about  the  same  bursting  and  tensile  strengths  as  the  fully  cooked 
pulp  (Kappa  26.1),  but  about  13  percent  less  tearing  resistance. 
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Experimental 


Wood  Mixture 

Forty-seven  species  of  Philippine  hardwoods  were  used  to  make  the 
kraft  and  NSSC  pulps  for  the  llnerboard  and  corrugating  medium  paper 
machine  trials.  The  chips  were  made  from  bark-free  wood  In  a commercial- 
size,  four-knife  chipper.  The  nominal  length  of  the  chips  was  five- 
eighths  Inch,  and  the  fines  and  oversize  were  removed  prior  to  blending 
of  the  Individual  species  to  obtain  the  mixture.  The  mixture  contained 
equal  amounts  (dry-weight  basis)  of  the  47  species  listed  In  table  1. 

Kraft  Pulping 

Based  on  the  results  of  preliminary  kraft  pulping  studies  made 
earlier  and  reported  In  AID  Report  No.  1,  "Exploratory  Kraft  and  NSSC 
Pulping  of  50  Philippine  Hardwoods,"  two  series  of  kraft  pilot-scale 
digestions  were  made.  Thirteen  pilot-scale  digestions  were  made  In  the 
first  series  to  provide  fully  cooked  slush  pulp  for  llnerboard  produc- 
tion. The  following  conditions  were  used: 

(1)  16.0  percent  active  alkali. 

(2)  25  percent  sulfldlty. 

(3)  4-to-l  water-to-wood  ratio. 

(4)  90  minutes  to  raise  the  temperature  to  170°  C. 

(5)  75  minutes  at  170°  C. 

Chips  with  a dry  weight  of  140  pounds  were  used  In  each  pilot-scale 
digestion.  At  the  end  of  cooking,  the  digester  was  blown,  and  the 
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resulting  pulps  were  washed,  screened  through  a 0.012-inch  slotted  flat 
screen,  and  wet  lapped.  The  composite  screened  pulp  had  a Kappa  number 
of  26.1. 

Four  pilot-scale  digestions  were  made  in  the  second  series  to  pro- 
vide both  a screened  pulp  for  use  in  linerboard  and  screenings  for  use 
in  corrugating  medium.  The  conditions  used  were  the  same  as  those  of 
the  first  series  except  for  time  at  170°  C.,  which  was  reduced  to  only 
5 minutes.  As  with  the  first  series,  these  digestions  were  similarly 
blown,  washed,  screened,  and  wet  lapped.  The  screenings  were  subsequently 
fiberized  at  18  percent  consistency  to  a Canadian  Standard  freeness  of 
about  700  milliliters  and  refined  at  12  percent  consistency  to  a freeness 
of  about  350  milliliters,  both  in  a 36-inch-diameter,  double-rotating 
disk  mill.  The  composite  screened  pulp  had  a Kappa  number  of  72.3,  while 
the  composite  pulp  from  the  fiberized  screenings  had  a Kappa  number  of  122 

NSSC  Pulping 

Again,  based  on  the  results  of  preliminary  NSSC  pulping  studies  made 
earlier  and  reported  in  AID  Report  No.  1,  five  pilot-scale  digestions 
were  made  to  obtain  a pulp  yield  of  about  75  percent.  The  following  con- 
ditions were  used: 

(1)  16.0  percent  sodium  sulfite. 

(2)  4.0  percent  sodium  carbonate. 

(3)  3.5-to-l  water-to-wood  ratio. 

(4)  15  minutes'  presteaming  of  the  chips  at  15  pounds  per  square  inch 

(5)  120  minutes  to  raise  the  temperature  to  175°  C. 

(6)  60  minutes  at  175°  C. 
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At  the  end  of  cooking,  the  liquor  was  blown  from  the  digester.  The 
cooked  chips  were  fiberized  and  refined  the  same  as  the  high-yield  kraft 
screenings . 

Papermaking 

Linerboard. --The  kraft  pulps  were  converted  into  linerboard  on  a 
12-inch-wide  experimental  Fourdrinier  paper  machine.  The  objective  was 
to  study  variations  in  papermaking  factors  that  would  result  in  a liner- 
board that  would  equal  the  performance  of  a nominal  42-pound-per-l , 000- 
square-foot  linerboard  with  a bursting  strength  of  100.  The  factors 
studied  included: 

(1)  Philippine  hardwood  content. 

(2)  Basis  weight. 

(3)  Starch  addition  at  the  horizontal  size  press. 

(4)  Type  of  refining — disk  or  conical. 

(5)  Increasing  the  white  water  and  calendering. 

(6)  Wet  densif ication. 

(7)  Pulp  yield. 

(8)  Location  of  the  fiber — single-  versus  two-ply  sheet. 

Corrugating  medium. --Two  nominal  26-pound-per-l ,000-square-foot 

corrugating  mediums  were  made  using  the  experimental  Fourdrinier  paper 
machine — one  from  the  NSSC  pulp  and  the  other  from  the  screened  rejects 
of  the  high-yield  kraft  cook. 

Converting 

Runnability.--Each  of  the  corrugating  mediums  were  evaluated  for 
resistance  to  fracturing  on  the  FPL  laboratory  singlefacer  by  increasing 
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the  singlefacer  speed  from  0 to  600  feet  per  minute  with  a minimum  web 
tension  and  then  increasing  the  web  tension  at  a constant  web  speed  of 
600  feet  per  minute. 

Bonding. --Conventional  Stein-Hall  starch  corrugating  adhesive  was 
used  to  combine  the  linerboards  to  the  fluted  corrugated  medium.  Pin 
adhesion  tests  were  conducted  to  evaluate  the  bond  strength. 

Scoring. — Each  of  the  combined  boards  was  subjected  to  three-point 
roller  scoring  (wheel  clearance,  0.031  inch)  after  the  combined  boards 
were  conditioned  at  80°  F.,  30  percent  relative  humidity;  73°  F., 

50  percent  relative  humidity;  or  80°  F.,  90  percent  relative  humidity. 
After  scoring,  each  scoreline  made  perpendicular  to  the  flutes  was 
evaluated  by  bending  the  material  on  one  side  of  the  scoreline  back  90° 
and  then  forward  180°  and  measuring  the  amount  of  visual  cracking.  The 
scorelines  made  parallel  to  the  flutes  were  evaluated  by  bending  forward 
180°  and  backward  90°  and  then  measuring  the  amount  of  visual  cracking. 

Containers . — The  combined  board  was  roller  scored  (wheel  clearance, 
0.052  inch),  slotted,  and  formed  into  containers  using  a stapled  manu- 
facturer's joint.  The  containers  were  10-3/4  inches  long,  8-1/16 inches 
wide,  and  either  3-1/4  or  8 inches  high.  The  8-inch  containers  had  short 
flaps  due  to  the  12-inch  width  limitation . of  the  paper  machine.  The 
containers  were  tested  in  top- to-bottom,  side-to-side , and  end-to-end 
compression.  The  impact  resistance  of  the  containers  was  determined 
using  a container  10-3/4  by  8-1/16  by  3-1/4  inches  filled  with  a 12-pound 
metal  can  load.  These  containers  were  dropped  from  various  heights  on 
the  container  edge  diagonally  opposite  the  manufacturer's  joint.  The 
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impact  resistance  was  detemined  as  the  height  at  which  half  the  con- 
tainers would  be  expected  to  fail  and  half  would  not.  A container  was 
considered  failed  if  any  of  the  load  was  spilled  or  if  a horizontal 
scoreline  was  split  its  entire  length. 

Results 

Pulp  Properties 

The  handsheet  properties  of  the  screened  kraft  pulps  and  the  fiber- 
ized  kraft  screenings  are  given  in  table  2.  As  expected,  the  quality 
of  the  fully  cooked  kraft  pulp  with  a Kappa  number  of  26.1  was  about 
the  same  as  found  earlier  and  reported  in  AID  Report  No.  1.  The  quality 
of  this  pulp  was  better  than  that  of  kraft  pulps  made  from  North  American 
hardwoods.  The  screened  pulp  from  the  high-yield  digestions  with  a 
Kappa  number  of  72.3  had  about  the  same  bursting  and  tensile  strengths 
as  the  fully  cooked  pulp,  but  about  13  percent  less  tearing  resistance. 
The  fiberized  screenings  pulp  from  the  high-yield  digestions  with  a 
Kappa  number  of  122  had  about  the  same  tearing  resistance  as  the  screened 
pulp  from  the  high-yield  digestions,  while  both  the  bursting  and  tensile 
strengths  decreased  an  average  of  about  25  percent. 

The  handsheet  properties  of  the  fiberized  and  refined  NSSC  pulps 
were  not  determined. 

Pape rmaking 

Linerboard. --The  results  of  the  various  factors  studied  are  given 
in  tables  3 and  4 and  indicate  that  the  only  successful  means,  of  those 
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factors  studied,  to  produce  linerboard  with  100  burst  were  to  increase 
the  weight  from  42  to  47  pounds  per  thousand  square  feet  or  apply  starch 
to  the  linerboard. 

Corrugating  medium. — The  properties  of  the  nominal  26-pound-per- 
1, 000-square-foot  corrugating  mediums  are  given  in  table  4.  The  results 
indicate  that  a satisfactory  medium  can  be  made  from  100  percent  NSSC 
Philippine  hardwoods  in  terms  of  strength  properties  such  as  cross 
machine  ring  crush,  57.7  versus  51.0  (Philippine  versus  U.S.  mixed 
hardwoods),  and  Concora  medium  test  (CMT) , 81,0  versus  64.5.  Unfortu- 
nately, the  NSSC  Philippine  hardwood  medium  could  not  be  run  on  the 
singlefacer  without  severe  cracking  at  20  feet  per  minute  and  minimum 
tension.  Thus,  it  could  not  be  converted  into  corrugated  fiberboard 
containers . 

The  medium  made  from  the  screening  rejects  from  the  high-yield  kraft 
cook  had  lower  cross  machine  ring  crush  than  the  control,  46.8  versus 
51.0,  and  comparable  CMT,  62.8  versus  64.5.  This  medium  was  successfully 
run  on  the  corrugator  at  600  feet  per  minute  and  minimum  tension  and  only 
had  slight  cracking  at  1.8  pounds  per  lineal  inch  of  web  tension.  Thus, 
this  medium  (7136)  was  combined  with  the  linerboards  made  from  the  high- 
yield  pulp  furnish  (7143)  and  the  linerboard  made  from  the  high-yield 
pulp  furnish  and  surface  sized  with  2.2  percent  cornstarch  (7144). 

Combined  Board 

Results  of  the  evaluation  of  the  combined  board  are  given  in  table  5. 
As  expected  from  the  linerboard  properties,  the  burst  of  the  combined 
board  was  below  200  for  the  material  made  with  high-yield  pulp  and  not 


-7- 


surface  sized.  However,  the  combined  board  with  the  starch  surface-sized 
facings  exceeded  the  minimum  burst  requirement.  The  flat-crush  values 
were  comparable  to  the  control  material.  The  increased  edgewise  com- 
pressive strength  as  measured  by  the  short  column  tests  of  the  starch- 
treated  material  was  expected,  and  the  effect  of  moisture  content  on 
edgewise  compressive  strength  was  also  in  line  with  previous  work.  The 
flexural  stiffness  of  the  experimental  material  was  approximately  equal 
to  or  higher  than  the  control,  which  would  be  expected  from  the  modulus 
of  elasticity  values  of  the  component  paperboards. 

None  of  the  material  exhibited  scoreline  cracking  when  scored  and 
folded  perpendicular  to  the  flutes.  For  the  scores  made  parallel  to  the 
flutes,  the  experimental  materials  were  more  susceptible  to  cracking  than 
the  control;  however,  increasing  the  moisture  content  or  the  score  wheel 
clearance  significantly  reduced  the  cracking.  The  starch-treated  material 
cracked  less  than  the  untreated  material.  This  was  the  reverse  of  what 
might  be  expected  based  on  the  stiffness  of  the  two  materials,  but  it 
was  in  line  with  the  machine  direction  strain-to-failure  values.  No 
cracking  was  encountered  in  the  scoring  of  the  corrugated  for  the  con- 
tainers when  the  score  wheel  clearance  was  0,052  inch  and  the  atmospheric 
conditions  were  73°  F,,  50  percent  relative  humidity. 

Containers 

The  compressive  and  impact  properties  of  the  containers  are  given 
in  table  6,  The  compressive  strength  of  the  containers  made  from  the 
starch-treated  material  was  comparable  to  the  control;  however,  the 
corrugated  fiberboard  made  with  untreated  linerboards  was  lower  in 
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compressive  strength.  Both  the  treated  and  untreated  containers  were 
better  in  impact  resistance  than  the  control. 

Conclusions 

(1)  Corrugating  medium  made  from  high-yield  kraft  screenings  can 
be  successfully  fluted  and  combined  with  linerboard  made  from  a mixture 
of  50  percent  high-yield  kraft  Philippine  hardwood  screened  pulp  and 

50  percent  western  softwood  unbleached  kraft  pulp. 

(2)  Corrugated  fiberboard  containers  can  be  made  from  nominal 
42-pound,  starch  surface-sized  linerboard  consisting  of  50  percent  high- 
yield  kraft  Philippine  hardwood  screened  pulp  and  50  percent  western 

1 kraft  softwood  pulp,  and  26-pound  corrugating  medium  made  from  100  percent 
high-yield  kraft  Philippine  hardwood  screenings. 

(3)  The  corrugating  medium  made  from  the  NSSC  pulp  fractured  when 
fluted  on  the  singlefacer  at  20  feet  per  minute  and  minimum  tension, 
thus  indicating  a potential  problem  with  the  utilization  of  tropical 
hardwood  NSSC  pulp  in  medium. 
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Table  1. — Names  and  specific  gravities  of  the  Philippine  hardwood 
mixture  used  to  make  kraft  and  NSSC  pulps 


No. 

Common  name 

Botanical  name 

Specific  gravity 

1 

Tanglsang-bayauak 

Ficus  variegata 

0.236 

2 

Binuang 

Octomeles  sumatrana 

.242 

3 

Kapok 

Celba  pentandra 

.244 

4 

Balilang-uak 

Meliosma  macrophylla 

.260 

5 

Kaitana 

Zanthoxylum  rhetsa 

.296 

6 

Ilang-ilang 

Cananga  odorata 

.308 

7 

Anablong 

Trema  orientalis 

.319 

8 

Hamlndang 

Macaranga  bicolor 

.324 

9 

Balanti 

Homalanthus  populneus 

.356 

10 

Mayapis 

Shorea  squamata 

.366 

11 

Matang-arau 

Melicope  triphylla 

.381 

12 

Malasantol 

Sandoricum  vidalii 

.394 

13 

White  lauan 

Pentacme  contorta 

.401 

14 

Tulo 

Alphitonia  philippinensis 

.422 

15 

Tangile 

Shorea  polysperma 

.429 

16 

Pahutan 

Manglfera  altisslma 

.435 

17 

Apanlt 

Mastixia  philippinensis 

.447 

18 

Lago 

Pygeum  vulgare 

.451 

19 

Antipolo 

Artocarpus  blancoi 

.469 

20 

Bagtikan 

Parashorea  plicata 

.478 

21 

Sakat 

Terminalia  nltens 

.485 

22 

Red  lauan 

Shorea  negrosensis 

.510 

23 

Itangan 

Welnmannia  luzoniensls 

.526 

24 

Piling-liitan 

Canarium  luzonicum 

.549 

25 

Palosapls 

Anisoptera  thurifera 

.554 

26 

Lomarau 

Swintonia  foxworthyi 

.559 

27 

Malabetls 

Madhuca  oblonglfolia 

.560 

28 

Dangkalan 

Calophyllum  obliquinervium 

.568 

29 

Panau 

Dipterocarpus  gracilis 

.576 

30 

Katmon 

Dillenia  philippinensis 

.592 

31 

Batitinan 

Lagerstroemia  piriformis 

.597 

32 

Katong-lakihan 

Amoora  macrophylla 

.608 

33 

Narig 

Vatlca  mangachapoi 

.618 

34 

Mlau 

Dysoxylum  euphlebium 

.623 

35 

Apitong 

Dipterocarpus  grandiflorus 

.623 

36 

Bok-bok 

Xanthophyllum  excelsum 

.639 

37 

Kamatog 

Erythrophloeum  densiflorum 

.650 

38 

Dalingdingan 

Hopea  foxworthyi 

.667 

39 

Katilma 

Diospyros  nitida 

.679 

40 

Yakal 

Shorea  astylosa 

.718 

41 

Kamagong 

Diospyros  philippinensis 

.720 

42 

Ka tong -mat sin 

Chisocheton  pentandrus 

.725 

43 

Manarlng 

Llthocarpus  soleriana 

.736 

44 

Ipil-lpil 

Leucaena  leucocephala 

.737 

45 

Bolong-eta 

Diospyros  pllosanthera 

.743 

46 

Makaasim 

Syzygium  nitidum 

.778 

47 

Alupag-amo 

Lltchl  philippinensis 

.793 

Forest  Products  Laboratory 
Forest  Service 

U.S.  Department  of  Agriculture 
Madison,  Wisconsin  53705 
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Table  2. — Handsheet  properties  o£  screened  kraft  pulps 
and  flberized  kraft  screenings 


Kappa 

number 

Freeness 

(Canadian 

Standard) 

Beating 

time 

Burst 

factor 

Tear 

factor 

Breaking 

length 

Apparent 

density 

Ml 

Min 

Km 

G/ cm^ 

SCREENED  PULP  FROM  FULLY 

COOKED  DIGESTIONS 

26.1 

600 

3 

28 

120 

7.0 

0.58 

500 

17 

46 

125 

9.2 

.65 

400 

28 

62 

118 

10.3 

.67 

300 

37 

73 

113 

10.9 

.69 

SCREENED  PULP 

FROM  HIGH- 

•YIELD  DIGESTIONS 

72.3 

600 

21 

38 

108 

7.1 

.57 

500 

33 

52 

107 

8.6 

.61 

400 

44 

63 

103 

9.6 

.64 

300 

55 

68 

98 

10.3 

.66 

FIBERIZED 

SCREENINGS  FROM  HIGH-YIELD 

DIGESTIONS 

122 

600 

4 

24 

108 

4.8 

.54 

500 

20 

36 

108 

6.3 

.57 

400 

33 

46 

106 

7.5 

.60 

300 

44 

53 

104 

8.5 

.62 

Forest  Products  Laboratory 
Forest  Service 

U.S.  Department  of  Agriculture 
Madison,  Wisconsin  53705 
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Top-to-bottom  compression—  Side-to-side  compression  End-to-end  compression 
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Material  Starch  8-in. -high  containers  3-1/4-in. -high  containers  containers)  containers)  resisi 
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